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0 Device for controlling the radial extrusion thickness of thermoplastic polymers: 



® The present invention relates to a device for 
extruding thermoplastic polymers so as to produce a 
tubular element (10) which has a radial thickness 
which can vary along its circumference; the device 
comprises an inner body (11) and an outer body (12) 



which define a passage (13) for the polymer, are 
coupled so as to allow an axial movement with 
respect to one another and are shaped with respect 
to one another so as to allow to vary the cross- 
section of some preset regions of the passage (13). 
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The present invention relates to a device for 

extruding thermoplastic polymers so as to produce 
a tubular elennent which has a variable radial thick- 
ness along its circumference. The invention further- 
more relates to an apparatus for manufacturing 
blown hollow bodies starting from the thermoplastic 
tubular element. More particularly, the field of the 
present invention relates to an extrusion head 
which is fed. for example, by a screw feeder which 
melts the polymer and feeds it into the extrusion 
head. Said extrusion head ends, downstream, with 
an annular extrusion nozzle which has an annular 
passage having a variable thickness, so as to de- 
termine the required longitudinal thickness of the 
tubular element made of thermoplastic material. 

The tubular element thus produced has not set 
yet and can thus be blown until it reaches the 
dimensions of the mold, so as to produce hollow 
bodies, such as for example cans, car tanks, etc. 

The longitudinal thickness of the tubular ele- 
ment, which depends on the thickness which the 
finished hollow body must have, is adjusted by 
axtally moving the so-called male element of the 
nozzle. 

The above is, in summary, the main field of 
industrial use of the invention, but said field does 
not constitute a limitation of the scope thereof, 
since the device and the apparatus according to 
the invention, in particular as described and 
claimed hereinafter, can be advantageously used in 
any other equivalent field in which operations for 
blowing thermoplastic polymers must be per- 
formed. 

Devices and apparatuses of this type are 
known, but it has been observed that with them the 
thickness of the finished hollow body narrows 
proximate to the corners due to obvious reasons of 
spreading during blowing. 

In order to overcome this disadvantage, it has 
been suggested to modify the profile of the male 
element or of the female element of the nozzle, so 
as to increase the passage thickness proximate to 
the regions of the tubular element which will form 
the corners of the finished hollow body. However, it 
has been observed that this solution is suitable 
only if it is necessary to always produce the same 
type of hollow body, whereas it is inadequate when 
the type of hollow body to be produced must be 
modified often, in particular when hollow bodies 
with comers arranged in a different position must 
be produced. In this case, in fact, it would be 
necessary to modify the male element of the noz- 
zle every time the production type changes. In this 
manner it is furthermore not possible to adjust 
radial thickness variations localized in particular 
longitudinal regions along the tubular element to be 
blown, since the same deformation is present along 
the entire length of the tube. 



It has furthermore been observed that preferen- 
tial pathways of the polymer develop with this 
solution; said pathways are faster, so that the tube 
becomes deformed and tends to collapse onto 
5 itself and stick, thus making subsequent blowing 
impossible. 

Other known apparatuses are manufactured by 
MOOG GfVlBH in Boblingen and have a deformable 
ring arranged proximate to the nozzle. Said ring is 
70 deformed by two or four hydraulic servo-jacks 
which allow to decrease the cross-section of the 
tubular element by an amount which can be ad- 
justed as required. 

It has been observed that said deformable ring 
;5 has some problems; first of all. many cases of 
fatigue breakage after a certain number of de- 
formations have been observed; furthermore, said 
ring does not deform adequately when the diam- 
eter is smaller than 100 mm or when the diameter 
20 is larger than 300 mm. Furthermore., every time the 
nozzle is changed in order to change the tube 
diameter, the deformable ring must also be 
changed. This entails considerable costs, since it is 
necessary to provide a plurality of deformable rings 
25 with various diameters, each of which, being so- 
phisticated and delicate, is very expensive. 

The aim of the present invention is therefore to 
overcome the above disadvantages by providing a 
device which allows to extrude a tubular element 
30 which has an increased thickness at the corners of 
the finished hollow body, with a simple, economical 
and reliable solution which allows great durability 
without breakage. 

Another object of the invention Is to allow to 
35 adjust the longitudinal thickness of the tubular ele- 
ment independently of the adjustment of the radial 
thickness, so that the thickness of every particular 
shape of finished hollow body can be optimal in 
each part of the body. 
40 Another object of the invention is to allow to 

vary the diameter of the nozzle without thereby 
having to also replace the means which allow to 
increase the thickness of the tubular element at the 
corners of the finished hollow body. 
45 According to ah aspect of the invention, this 

alm^ these objects and others are achieved by a 
device for extruding thermoplastic polymers, so as 
to produce a tubular element suitable for being 
blown and having a radial thickness which can vary 
so along the circumference, said device comprising an 
inner body and an outer body which are arranged 
so as to define, between them, an annular passage 
for the melted polymer, said inner body and said 
outer body being coupled so as to allow a relative 
55 and adjustable axial movement therebetween, said 
inner body and said outer body being shaped with 
respect to one another so that said axial movement 
allows to vary the cross-section of some preset 
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regions of said annular passage; the annular ex- 
trusion nozzle being arranged after said annular 
passage. 

According to another aspect of the invention, 
this aim. these objects and others are achieved by 5 
a device for extruding thermoplastic polymers, so 
as to produce a tubular element suitable for being 
blown and having a radial thickness which can vary 
along its circumference, said device comprising an 
inner body and an outer body which are arranged io 
so as to define, between them, an annular passage 
for the melted polymer, said inner body and said 
outer body being coupled so as to allow a relative 
and adjustable axial movement therebetween, said 
inner body and said outer body being shaped 75 
complementarily, so that in a first position with 
respect to one another said annular passage has a 
substantially constant thickness along a transverse 
section and so that in a second position of said 
bodies with respect to one another said annular 20 
passage has a thickness which substantially can 
vary along a transverse section. 

It has in fact been observed that the annular 
extrusion nozzle does not eliminate the thickness 
variations introduced by the upstream annular pas- 25 
sage, since the thermoplastic material retains a 
memory which allows it to reacquire, after constant- 
thickness extrusion, the original shape imparted 
thereto by the annular passage. 

In other words, the thickness set by the axial 30 
position of the so-called nnale element sets a sort . 
of average thickness of the tubular element. The 
real thickness can instead be varied according to 
what is determined by the upstream annular pas- 
sage and is stored in the intrinsic memory of the 35 
thermoplastic polymer. In this manner, the average 
radial thickness of the tubular element and the 
thickness of the enlarged regions at the corners of 
the finished hollow body can be adjusted indepen- 
dently. ^0 

Preferably, the outer body and the inner body 
are formed by interchangeable pre-shaped hngs. In 
this manner, by replacing the rings it is possible to 
vary, with a very simple and economical means, 
the relative position of the thickness increases of 45 
the tubular element, so as to pass for example 
from the production of square hollow bodies to the 
production of rectangular hollow bodies. Each se- 
ries of square hollow bodies, or of rectangular 
hollow bodies, can naturally be produced in all 50 
sizes, with a tubular element diameter either lower 
than 100 mm or higher than 300 mm, without 
changing the shaped rings but simply by changing 
the diameter of the nozzle. 

Preferably, the inner body and/or the outer 55 
body have a conical shape, particularly in the re- 
gion at which the radial thickness variations are 
performed. It has been observed that in this man- 



ner it is possible to adjust the extent of the vari- 
ation in radial thickness in a more precise manner. 

The apparatus for manufacturing blown hollow 
bodies starting from a thermoplastic tubular ele- 
ment comprises the above described device and 
furthermore comprises known means, such as a 
screw feeder, for feeding and melting the polymer, 
the means for blowing the tubular element, the 
outer mold into which the hollow body is to be 
blown, etc. 

The present invention will become apparent 
with reference to the accompanying drawings, giv- 
en only by way of non-limitative example and 
wherein: 

Fig. 1 is a partially sectional elevation view of 
the device according to the known art; 
Fig. 2 is a sectional plan view of the tubular 
element obtained with the device of Fig. 1 ; 

Fig. 3 is a sectional elevation view of the inner 
body and of the outer body, taken at the annular 
passage; 

Fig. 4 is a sectional plan view taken along the 

sectional plane IV-IV of Fig. 3; 

Fig. 5 is a sectional plan view taken along the 

sectional plane V-V of Fig. 3; 

Fig. 6 is a sectional plan view taken along the 

sectional plane VI-VI of Fig. 3; 

Fig. 7 is a sectional elevation view taken along 

the sectional plane Vll-VII of Fig. 3: 

Fig. 8 is a detailed sectional elevation view 

taken along the sectional plane Vlll-VIII of Figs. 

4, 5 and 6; 

Fig. 9 is a sectional elevation view of the inner 
body, of the outer body and of the annular 
passage: 

Fig. 10 is a sectional plan view taken along the 

sectional plane X-X of Fig. 9: 

Fig. 11 is a sectional plan view taken along the 

sectional plane XI-XI of Fig. 9; 

Fig. 12 is a sectional plan view taken along the 

sectional plane XII-XII of Fig, 9; 

Fig. 13 is a sectional elevation view taken along 

the sectional plane Xlll-Xlll of Fig. 9: 

Fig. 14 is a detailed sectional elevation view 

taken along the sectional plane XIV-XIV of Figs. 

10. 11 and 12; 

Fig. 15 is a view of the tubular element accord- 
ing to the invention with its thickness increased 
at the corners of the hollow body; 
Fig. 16 is a sectional view of the hollow body 
obtained with the tubular element of Fig. 15; 
Fig. 17 is a sectional plan view of the tubular 
element with its thickness increased at the cor- 
ners of the hollow body; 

Fig. 18 is a sectional view of the hollow body 
obtained with the tubular element of Fig. 17; 
Fig. 19 is a sectional plan view of the tubular 
element according to the known art; 
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Fig. 20 is a sectional view of the hollow body 
obtained with the tubuiar element of Fig. 19; 
Fig. 21 is a sectional plan view of the tubular 
element according to the known art; 
Fig. 22 is a sectional view of the hollow body 
obtained with the tubular element of Fig. 21. 
With reference to the above Figs. 3 to 18, the 
device according to the invention for nnanufacturing 
the tubular element 10 comprises an inner body 11 
and an outer body 1 2 which are arranged so as to 
define, between them, an annular passage 13 for 
the melted polymer. 

Relative axial sliding between the inner body 
and the outer body is allowed, for example with 
reference to Figs. 8 and 14. by the axial movement 
of the outer body, whereas the inner body remains 
motionless, this solution is preferred but the re- 
verse solution would naturally be equivalent. 

The relative configuration of the inner and outer 
bodies depends on the particular radial thickness 
profile which must be obtained for the tubular ele- 
ment, in relation to the particular hollow body to be 
blown: in particular, with reference to Figs. 3-12, 
the shapes of the inner and outer bodies vary from 
circular to elliptical and back to circular along the 
annular passage. When the relative axial position of 
the inner body and of the outer body is the first 
one, which is the one indicated in Figs. 3, 4, 5, 6 
and 7. the annular passage has a substantially 
constant thickness along its entire perimeter, along 
a transverse cross-section. Instead, when the rela- 
tive axial position of the outer body and of the inner 
body is the second one, which is the one illustrated 
in Figs. 9, 10, 11, 12 and 13. the thickness of the 
annular passage varies along a transverse cross- 
section, as is particularly evident in the cross- 
sectional view of Fig. 11, producing a tubular ele- 
ment such as the one illustrated in Fig. 17. From 
the tubular element of Fig. 17 it is then possible to 
blow a hollow body, such as the one of Fig. 18. 
with constant thickness. 

With other configurations of the inner body and 
of the outer body it is possible to produce a tubular 
element such as the one of Fig. 15, for blowing 
rectangular bodies such as the one of Fig. 16. 

With reference to Figs. 1 and 2, according to 
the known art. the nozzle 14, which is composed of 
the male element 15 and of the female element 16. 
allows to vary the thickness of the tubular element 
according to the average thickness to be obtained. 

Figs. 19 and 21 illustrate tubular elements with 
constant cross-section according to the known art 
and the corresponding hollow bodies 20 and 22 
obtained, which have a reduced thickness proxi- 
mate to the corners due to spreading problems, 
thus giving rise to weakness indeed in the points 
which would instead require greater resistance to 
stresses. By means of this known method, in fact. 



in order to obtain an adequate thickness in the 
corners it was necessary to oversize the overall 
average thickness of the hollow body. 

The invention instead allows to perfectly adjust 
5 the thickness of each corners as required, even 
performing practical tests and changing the thick- 
ness without difficulty according to the results ob- 
tained. 

In this manner it is possible to optimize the 

70 average thickness of the hollow body, reducing the 
amount of polymeric material required, obtaining 
much lighter hollow bodies for an equal final 
strength. In fact the corners of the finished hollow 
body are the parts more stressed during the use. 

75 With reference to Figs. 8 and 14. the outer 

body 12 and the inner body 1 1 are each formed by 
a pre-shaped and interchangeable ring; by chang- 
ing said rings it is possible to vary the position of 
the thickness increases in a particularly simple and 

20 economical manner. 

With reference to Figs. 3. 8, 9 and 14. the inner 
body and the outer body have a conical profile, in 
the regions 17, 18. 19 and 20. at the thickness 
variations of the annular passage. 

25 The invention is susceptible to numerous vari- 

ations, all of which are within the scope of the 
inventive concept; thus, for example, it is possible 
to change the position of the rings, by mounting 
the inner body on the male element and the outer 

30 body on the female element of the nozzle, using 
the movement for varying the longitudinal thickness 
to also vary the relative position of the inner and 
outer bodies. Although it renounces the indepen- 
dent adjustment of the two movements, this solu- 

35 tion allows an execution which is satisfactory for 
many users. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
40 pose of increasing the intelligibility of the claims 
and accordingly, such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such reference 
signs. 

45 

Claims 

1. Device for extruding thermoplastic polymers, 
so as to produce a tubular element (10) suit- 

50 able for being blown and having a radial thick- 

ness which can vary along the circumference, 
said device comprising an inner body (11) and 
an outer body (12) which are arranged so as to 
define, between them, an annular passage (13) 

55 for the melted polymer, said inner body (11) 

and said outer body (12) being coupled so as 
to allow a relative and adjustable axial move- 
ment with respect to one another, said inner 
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body (11) and said outer body (12) being 
shaped with respect to one another so that 
said axial movement allows to vary the cross- 
section of some preset regions of said, annular 
passage (13); the annular extrusion nozzle (14) 5 
being arranged after said annular passage. 

2. Device for extruding thermoplastic polymers, 
so as to produce a tubular element (10) suit- 
able for being blown and having a radial thick- io 
ness which can vary along its circumference. 

said device comprising an inner bpdy (11) and 
an outer body (12) which are arranged so as to 
define, between them, an annular passage (13) 
for the melted polymer, said inner body (11) is 
and said outer body (12) being shaped com- 
plementarily, so that in a first position with 
respect to one another said annular passage 
(13) has a substantially constant thickness 
along a transverse cross-section and so that in 20 
a second relative position therebetween said 
annular passage (13) has a thickness which 
varies substantially along a transverse cross- 
section. 

25 

3. Device according to claims 1 or 2, character- 
ized in that said outer body (12) and said inner 
body (11) are formed by interchangeable pre- 
shaped rings. 

30 

4. Device according to claims 1 or 2, character- 
ized in that said inner and/or' outer bodies (11. 
12) are conical, at least in some regions (17, 
18. 19. 20). 

35 

5. Apparatus for manufacturing blown hollow bod- 
ies starting from a thermoplastic tubular ele- 
ment, comprising a device according to claims 
1 or 2. 

40 

6. Each and every novel feature or novel com- 
bination of features herein disclosed. 
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